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MULTI-LAYER PLEAT SUPPORT 
FILTER CONSTRUCTION 

10 

RELATED APPLICATION 

The present application claims priority to U.S. Provisional Patent Application 
Serial No. 60/413,990 filed September 26, 2002, the disclosure of which is incorporated 
1 5 herein by reference. 

BACKGROUND OF THE DISCLOSURE 

1. Technical Field 

The present disclosure relates to fluid filtration devices and, more particularly, 
to pleated filters having at least two downstream support layers, thereby enhancing 
20 filtration performance and improving flow/throughput. 

2. Background of the Related Art 

Filtration is the process of separating particles, or contaminants from a fluid 
(liquid or gas), and can be accomplished by passing the fluid through a porous filter 
25 medium that stops or captures the particles while permitting the fluid to pass there 
through. Such fluid filtering is used extensively in the manufacture of polymer 
products, medicinal products, mineral and metallurgical processing, petroleum refining 
water purification, emissions control, and in beverage and food preparation. 

Over the years, the design of cylindrical pleated filter cartridges has involved 
30 efforts to maximize the amount of filter media or the available surface area that may be 
fit into a filter cartridge having a given outer diameter without adversely effecting flow 
or filter life. Pleated filter elements have flow rate and throughput limitations 
associated with the maximum amount of filter media that can be packaged into a pre- 


defined filter envelope. Improvements in filter performance can be difficult due to 
large pre-established fairly standardized customer bases which utilize a common filter 
housing of design dimensions, and configuration within which the filter elements are 
enclosed accepting only one or more filter elements of a specific size. A major 
5 challenge of filter designers is to increase the filtering capacity of a filter element, i.e., 
the usable surface area without altering its external dimensions so that the filter element 
can be employed with existing filter housings. 

One method for improving filter flow and throughput performance of pleated 
filter elements is to increase the amount of filtration media present in the filter. This 

10 can be accomplished by reducing the thickness of both the filtration media and the pleat 
support and drainage medium or materials. However, reducing the thickness of the 
filtration media potentially compromises retention properties of the filtration device, 
i.e., removal of particulates by sieving or trapping within the filtration media. 
Furthermore, the use of increasingly thinner supports can have a negative effect on flow 

15 and throughput performance by not providing sufficient flow paths. 

Design efforts directed to optimizing filtration performance have yielded 
various pleat designs and pleat configurations aimed at increasing filtration area, e.g., 
through modified pleat geometries such as "spiral" or "multi -pleat" constructions. 
However, the use of spiral and multi-pleat designs typically requires utilization of a 
20 smaller core to realize the desired benefits. While a smaller core is not always a serious 
limitation for liquid applications, it is a serious limitation for gas applications where 
flow losses through a smaller core can be significant. 

With reference to prior art pleat designs, in a standard radially pleated filter 
cartridge, such as that disclosed in U.S. Patent No. 3,692,184 to Miller, Jr. et al., the 
25 amount of filter media that may be packed into the cartridge is limited by the number of 
pleats that can be packed about the cartridge core. Consequently, there is a substantial 
amount of empty space between adjacent pleats at the outer periphery of the filter 
element. Accordingly, in a typical cylindrical pleated filter cartridge, there is a great 
deal of unused space between adjacent pleats as the distance from the center of the core 
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increases. Further, the pleats are highly compressed at the inner periphery which can 
impede flow due to support compression. 

A cylindrical filter element having a radially extending W-pleat configuration, 
such as that disclosed in U.S. Patent No. 3,799,354 to Buckman et al., represents an 
5 alternative to a standard radially pleated filter element. The radial W-pleat 

configuration minimizes pleat spacing and provides added surface area about the outer 
periphery of the filter element by providing relatively short pleats that extend radially 
inward from the outer periphery of the filter between every two pleats of standard 
height. The short pleats are the same height and arise at a uniform frequency about the 

10 circumference of the filter, i.e., there is one short pleat between every two full length 
pleats. These shorter pleats occupy the open space near the outer periphery of the filter 
element, but do not maximize the amount of filter media that can be disposed within the 
cartridge, as some empty space still remains between the pleats. One problem 
associated with the W-pleat construction is a less than optimum pleat density. The 

1 5 radial W-pleat construction also suffers from the effect of pleat migration, in that the 
shortened pleats tend to move radially inward towards the central axis of the filter. 
This migration is undesirable as it can cause binding, blockages, increased pressure 
drops across the filter, reduced filter life and potential to the filter media. 

U.S. Patent No. 4,033,881 to Pall discloses filter cartridges comprising a 
20 plurality of layer paper sheet filter sheets of different pore sizes that includes 

foraminous relatively rigid support and drainage members having greater rigidity than 
the paper filter media. According to the Pall '881 patent, "suitable foraminous external 
and internal supports can be made of metal or plastic, and can be, for example, in the 
form of perforated sheets or plates, or woven or nonwoven or extruded netting, made of 
25 plastic filaments or extrusions." [Col. 3, lines 63-67.] As further described in the Pall 
'881 patent, the extruded plastic netting can be provided in a variety of patterns, 
including an open weave pattern with extruded links of equal diameter in both 
directions, or with extruded links wider in one direction than in another, forming ribs 
extending lengthwise, or crosswise, or circumferentially, of the netting. [See generally, 
30 U.S. Patent No. 4,033,881, cols. 3 and 4.] 
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A spiral pleat filter element is comparable to a standard pleated filter in that it 
includes a plurality of longitudinal pleats disposed in a cylindrical configuration. In a 
spiral pleat filter, however, the ends of the pleats are rolled over to minimize the 
spacing between adjacent pleat surfaces near an outer diameter of the filter element, 
5 such that more filter surface area can be provided in a filter of equal diameter. 

A conventional spiral pleated filter element is disclosed in U.S. Patent No. 
5,543,047 to Stoyell et al. The spiral pleated filter element of the Stoyell '047 patent 
comprises a three layer composite of a filter medium, an upstream drainage layer 
disposed upstream relative to the filter medium, and a downstream drainage layer 

10 disposed downstream relative to the filter medium. The drainage layers disclosed in the 
Stoyell '047 patent "can be in the form of a mesh or screen or a porous woven or non- 
woven sheet." [Col. 5, lines 52-53.] The Stoyell '047 patent discloses a drainage layer 
that takes the form of an extruded polymeric mesh oriented and configured so that 
opposing surfaces of adjacent pleats are in intimate contact with one another over a 

15 substantial portion of the length of the filter element. 

Additional patents directed to spiral pleat filter devices include U.S. Patent No. 
2,395,449 to Briggs, and U.S. Patent No. 6,1 13,784 to Stoyell et al. 

A further W-pleat design is disclosed in U.S. Patent No. 6,315,130 to Olsen. 

While both the spiral pleat and the W-pleat designs provide surface-type filters 
20 with increased filter surface area, the spiral pleat designs do not have the pleat 

migration problems associated with the W-pleat designs. As compared with a W-pleat 
filter, however, the rolled-over pleats of a spiral pleated filter provide fewer and more 
difficult to access radial flow paths near the outer diameter of the filter, leading to a 
greater pressure drop across the filter. In addition, the rolled-over pleats of a spiral 
25 pleated filter provide longer flow paths and, therefore, a greater chance of the flow 
paths becoming blocked in high load or large particle contaminant applications. 

Despite efforts to date, there is a continuing need for filter designs that offer 
increased filter area surface, improved flow/throughput for a given filter cartridge size 
and design and which are conducive to being inserted in an elongated cylindrical 
30 cartridge and prevent pleat migration. 
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SUMMARY OF THE DISCLOSURE 

According to the present disclosure, advantageous filter elements may be 
provided that offer superior filtration performance including improved flow for a given 
filter cartridge size/design, the latter being achieved through the selection of support 
5 materials that act cooperatively to improve total flow. 

A filter element constructed according to the present disclosure includes a 
filtration media, an upstream pleat support positioned upstream and in contact with the 
filtration media, multi-layer downstream pleat supports positioned downstream from 
the filtration media, including a first downstream support layer and a second 
10 downstream support layer: 

(a) The first downstream support layer is in contact with the 
filtration media and is interposed between the filtration media and the 
second downstream layer, with the first downstream support layer 
having been fabricated so as to minimize points of surface contact with 

1 5 the filtration media. 

(b) The second downstream support layer is in contact with 
the first downstream support layer and is fabricated so as to facilitate 
lateral fluid flow relative to the multi-layer downstream pleat support. 

More particularly, the multi-layer downstream pleat support includes a first 
20 downstream support layer and a second downstream support layer. The first 

downstream support layer is interposed between the filtration media and the second 
downstream support layer and is fabricated so as to minimize points of surface contact 
with the filtration media, thereby enhancing fluid flow away from the filtration media. 
The first downstream support is fabricated from a material that contacts the membrane 
25 in as few locations as possible so as to allow the fluid, whether it be liquid or gas, to 
egress from the filtration media and into the second downstream support layer located 
just below. Suitable materials for use in fabricating the first downstream support layer 
are non-woven materials characterized by high air permeability, low thickness, high 
strength, low fiber diameter and/or a relatively soft feel to prevent abrasion of the 
30 filtration media. Preferred examples of materials for fabricating the first downstream 
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support layers are polypropylene or polyesters. In an alternative embodiment, the first 
downstream support layer can be fabricated of a nonwoven material that is laminated to 
the filtration media. However, it is generally preferred to provide the first downstream 
support layer in non-laminated juxtaposition relative to the filtration media, thereby 
5 improving flow through the first support layer and the filtration media, e.g., by as much 
as 3 to 5%. 

According to the present disclosure, the second downstream support layer is in 
contact with the first downstream support layer and is fabricated so as to facilitate 
lateral fluid flow. Preferably, the second downstream support layer is fabricated from 
10 an extruded apertured film material, and preferably an apertured film material having 
rib(s) formed on one side. The rib(s) advantageously maintain a gap when the pleated 
filtration media is folded onto itself, thereby greatly improving lateral fluid flow. 

The inventors herein have established (infra) that eliminating either the first or 
the second downstream support layer will degrade the performance of the filter. The 

15 first downstream support layer, which is typically fabricated from a nonwoven material, 
does not provide optimum lateral flow. Likewise, the extruded apertured film would 
disadvantageously effect a sealed contact against the filtration media if placed directly 
against it, thereby limiting fluid egress from the filtration media to aperture locations. 
The addition of the support layers to the filter design allows an increase in the media 

20 area without resorting to different pleat designs, larger geometries or ever thinner 

supports, despite the fact that the additional support layers effectively add thickness. 
The relatively thin filtration media is capable of increased packing by pressing the 
pleats together more closely, but in prior art systems, the increased area associated with 
tight packing does not result in increased flow because the support materials are closely 

25 pinched together. It has now been found that when multiple downstream support layers 
are employed, as described in the present disclosure, the higher filtration area will 
beneficially lead directly to improved flow because the transport of the fluid from the 
downstream layers to the core will not be impeded. However, even when the filler 
element is constructed with less filtration area, the construction in accordance with the 

30 invention provides improved flow rate and improved flux, i.e., flow per area. 
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The filtration media may take a variety of forms, as are known in the art. 
Pleated filtration media having a plurality of longitudinally extending pleats may be 
advantageously incorporated into filter elements according to the present disclosure. 
The specific pleat geometry is not critical to the superior performance achievable 
5 according to the present disclosure. Radial pleats, W-pleats and spiral pleats are 
exemplary pleat geometries contemplated for use herein. 

The disclosed filter elements may be utilized in filter cartridges, preferably 
cylindrical cartridges although the filter elements may be used to equal advantage with 
non-cylindrical filtration devices (planar filtration devices) and non-radial pleat 

10 constructions (spiral pleats), to provide enhanced filtration performance, e.g., by way of 
increased media area and improved flow. An exemplary filter cartridge according to the 
present disclosure includes a filter element having a longitudinal axis, an outer 
periphery and an inner periphery. The filter element typically includes a filtration 
media, an upstream pleat support positioned upstream from and in contact with said 

15 filtration media, and a multi-layer downstream pleat support positioned downstream 

from said filtration media, as disclosed herein. Exemplary filter cartridges according to 
the present disclosure also typically include a perforated, preferably cylindrical, cage 
surrounding the outer periphery of the filter element, a perforated, preferably 
cylindrical, core surrounded by the inner periphery of the filter element coaxially 

20 positional between the core and the cage. The cartridge assembly is coaxially 

positioned within the cage. It is necessary to seal the ends of the pleated element to 
prevent flow from bypassing around the edges. As is well known in the art, this is 
accomplished through the use of end caps. The end cap must be made of a material 
which first achieves a flow state so it can envelope the edge of the pleat structure and 

25 then harden to make a permanent seal. One typical means of accomplishing this 
sealing action is through use of a thermomelt material such as polypropylene, 
polyethylene or polyester, which reaches the melt state through heating and hardens 
with cooling. An alternate method would be to use a thermoset, such as epoxy, or a 
thermoplastic, such as santoprene, which are in a liquid state initially but harden upon 

30 cure. The term "hard" as used herein is relative as santoprene is an elastomeric 
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material. It is highly preferred that the end caps also embed the cage and core to 
provide the filter with added rigidity and strength. 

In accordance with an embodiment of the invention, in a separate step, the end 
caps are bonded with an adapter element that permits the filter to fit into different 
5 housings. However, it is also well known to combine end cap and adapter function into 
one part. 

In accordance with an embodiment of the invention, in a separate step the end 
caps are combined with an adapter element to form a single part that allows the filter 
element to more easily be fitted into the filter housing. 

10 The non-cylindrical filtration devices and the non-radial constructions likewise 

benefit from the multi-layer supports of the invention in both up and downstream 
positions due to the greater pleat compression of the upstream or outer periphery pleats. 
Included without limitation are those filter elements as the spiral pleated filter elements 
having a plurality of longitudinally extending pleats which are designed so that adjacent 

1 5 pleats are laid-over upon one another to form the spiral pleats and multi-layer paper 
sheet filter cartridges in which a plurality of paper filter sheets of differing pore sizes 
are arranged in sequence of fluid flow therethrough according to decreasing pore size 
and which are formed in a concentric corrugated tubular configuration for fluid flow 
therethrough from one side to the other side as these would likewise benefit from multi- 

20 layer supports in both the up and downstream positions due to the greater compression 
of the upstream or outer periphery pleats in the spiral design and the relative weakness 
and therewith inability to withstand high differential fluid pressures without rupture in 
the multi-layer sheet design. 

These and other aspects of the present disclosure will become more readily 
25 apparent to those having ordinary skill in the art from the following detailed description 
of exemplary embodiments taken in conjunction with the drawings described 
hereinbelow. 

BRIEF DESCRIPTION OF THE DRAWINGS 

So that those having ordinary skill in the art to which the present disclosure 
30 relates will more readily understand how to make and use the disclosed filter elements, 


exemplary embodiments thereof will be described in detail hereinbelow with reference 
to the drawings, wherein: 

Fig. 1 is a perspective view, partially cutaway, of a cartridge assembly including 
a pleated filter element constructed in accordance with an exemplary embodiment of 
5 the present disclosure contained between an inner core and an outer cage of the 

cartridge assembly wherein a portion of the filter element is shown unwrapped from 
within the cage. 

Fig. 2 is a perspective, partially exploded, view of a portion of an exemplary 
filter element, illustrating the multi-layer structure thereof; and 

10 Fig. 3 is a schematic cross-sectional illustration showing fluid flow relative to 

an exemplary filter element according to the present disclosure. 

DETAILED DESCRIPTION OF PREFFERED EMBODIMENT(S) 

According to the present invention, advantageous filter elements are provided 
that offer superior filtration performance by providing a selection of support layers that 

1 5 act cooperatively to greatly enhance flow. Exemplary filter elements according to the 
present disclosure include a filtration media, an upstream pleat support and a multi- 
layer downstream pleat support. The filtration media may take a variety of forms, as 
are known and conventional in the art. Pleated filtration media having a plurality of 
longitudinally extending pleats may be advantageously incorporated into filter elements 

20 according to the present invention. The specific pleat geometry is not critical to the 

superior performance achievable according to the present disclosure. Radial pleats, W- 
pleats and spiral pleats are exemplary pleat geometries contemplated for use herein. 

The filtration media is typically fabricated from a microporous filtration 
membrane having a pore size of about 0.1 microns to about 10 microns. The pore size 
25 is typically characterized by a bubble point method, as is known in the art. The 
filtration medium can be fabricated from conventional filtration materials, such as 
expanded Teflon, nylon, polyether sulfone, polyvinylidene difluoride and the like. 

Selection of an upstream pleat support according to the present disclosure is not 
critical to filtration performance and its selection generally depends upon a number of 
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factors, e.g., requirements associated with the upstream support's ability to maintain 
flow under dirt loading, the required chemical resistance of the upstream support, 
and/or issues associated with potential damage to the filtration media caused by the 
upstream support. 

The multi-layer downstream pleat support includes a first downstream support 
layer and a second downstream support layer. The first downstream support layer is 
interposed between the filtration media and the second downstream support layer. In 
an exemplary embodiment of the present disclosure, the first downstream support layer 
is fabricated using a material made by the conventional spunbond, spunlace, airlaid or 
wetlaid techniques. The first downstream support layer is fabricated so as to minimize 
points of surface contact with the filtration media, thereby enhancing fluid flow away 
from the filtration media. More particularly, the first downstream support is fabricated 
from a material that contacts the membrane in as few locations as possible so as to 
allow the fluid, whether it be liquid or gas, to egress from the filtration media and into 
the second downstream support layer arranged just below. 

Preferred first downstream support layers are fabricated from materials such as 
polyamide, polypropylene or polyester, e.g., poly(ethylene terephthalate) (PET), 
poly(butylene terephthalate (PBT), PTT or polyaramide. A preferred material for use 
in fabricating the first downstream support layer is BBA Nonwoven Typar 309 1L, 
although other nonwoven materials that minimize points of surface contact with the 
filtration media are also suitable for use according to the present invention. 

The nonwoven material may be made using thermal binding techniques or 
chemical binders. Suitable materials for use in fabricating the first downstream support 
layer are characterized by high air permeability, low thickness, high strength, low fiber 
diameter and/or a relatively soft feel to prevent abrasion of the filtration media. In 
some applications, it may be desirable to impart chemical or oxidation resistance to the 
first downstream support layer, as will be apparent to persons skilled in the art based on 
the intended filtration application(s). 

In an alternative embodiment of the present invention, the first downstream 
support layer is a nonwoven material that is laminated to the filtration media. 
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Lamination may be effected according to conventional lamination techniques, as are 
well known in the art. However, as noted above, it is generally preferred to provide the 
first downstream support layer in non-laminated juxtaposition relative to the filtration 
media, thereby improving flow through the first support layer and the filtration media, 
5 e.g., by as much as 3 to 5%. 

According to the present invention, the second downstream support layer is in 
contact with the first downstream support layer and is fabricated so as to facilitate 
lateral fluid flow. In accordance with a preferred embodiment, the second downstream 
support layer is fabricated from an extruded apertured film material, and preferably an 
10 apertured film material having rib(s) formed on one side. The rib(s) advantageously 
maintain a gap when the pleated filtration media is folded onto itself, thereby greatly 
improving lateral fluid flow. A preferred material for use in fabricating the second 
downstream support layer is Delstar Delnet RC-0707-24P. 

In accordance with the present invention, it has been found that eliminating 
1 5 either the first or the second downstream support layer degrades the performance of the 
filter. As noted above, the first support layer, which is typically fabricated from a 
nonwoven material, does not provide optimum lateral flow, whereas the extruded 
apertured film would disadvantageously effect an undesirable sealed contact against the 
filtration media if placed directly against it, thereby limiting fluid egress from the 
20 filtration media to aperture locations. 

In order to establish that utilizing both a first and second support layer in the 
filter design results in improved air flow performance, the inventors constructed nine 
cartridges, groups of three of which correspond to one of the following three groups: 

Group 1 (according to the invention) including both a first downstream 

25 support layer and a second downstream support layer. 

Group 2 the first downstream support layer is eliminated (nonwoven 
material). 

Group 3 the second downstream support layer is eliminated (extruded 

apertured film). 


11 


All of the pleat packs were cut to a constant 5.75" in length as opposed to 
keeping the number of pleats constant per pleat pack. This served to maintain a 
constant pleat compression within the pack and eliminated a pleat separation condition 
which can lead to end cap failures. 

5 Airflow and Water Flow Rate Testing was carried out using conventional 

procedures on the three cartridges constituting each of the three groups. Effective 
Filtration Area (EFA) was measured for each of the cartridges after testing was 
completed. Analysis of tests results follow. Flow performance results were also 
normalized for EFA. 

10 Airflow 

Airflow testing was conducted at vent conditions and at 30 psig. On average, at 
both conditions the cartridges in groups 2 and 3 lost 30% of their airflow performance 
compared to the control group. Table 1 show the airflow at vent conditions and Table 2 
the airflow at 30 psig. 

15 Table 1 



Cartridge 
ID • 

Measured 
EFA : 
(ft 2 ) 

■ , Airflow at vent : : ; v 
at 0.5 psid (scfm) C >V . 

Flow Efficiency 

% > | 

Recorded Data 

Normalized per ft 2 

Normalized for standard EFA* 

Group 1 

2690-166-0002 

11.64 

40.2 

3.5 

38.0 

100% 

2690-166-0005 

11.19 

417 

37 

41.0 

2690-166-0006 

11.19 

41.5 

3.7 

40.8 

Group 2 

2690-166-0015 

15.69 

41.5 

2.6 

29.1 

70% 

2690-166-0019 

16.40 

42.1 

2.6 

28.2 

2690-166-0020 

17.36 

42.0 

2.4 

26.6 

Group 3 

2690-166-0010 

15.18 

35.6 

2.3 

25.8 

63% 

2690-166-0011 

14.85 

35.8 

2.4 

26.5 

2690-166-0014 

15.69 

33.1 

2.1 

23.2 


•EFA standard 11.0 ft 2 


20 Table 2 



Cartridg 

Measure 


Airflow at 30 psig 

Flow Efficiency 


ID 

EFA 


at 6.5 psid (scfm) 

% 



(ft 2 ) 

Recorded Data 

Normalized per ft 2 

Normalized for standard EFA* 



2690-166- 

11.64 

74.2 

6"4 

70.1 


Group 

2690-166- 

11.19 

76.7 

6.9 

75.4 

100 


2690-166- 

11.19 

79.4 

7.1 

78.1 



2690-166- 

15.69 

78.4 

5.0 

55.0 


Group 

2690-166- 

16.40 

80.0 

4.9 

53.7 

71 


2690-166- 

17.36 

79.1 

4.6 

50.1 



2690-166- 

15.18 

75.4 

5.0 

54.6 


Group 

2690-166- 

14.85 

72.9 

4.9 

54.0 

71 


2690-166- 

15.69 

70.4 

4.5 

49.4 



•EFA 11. f 2 
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Water Flow Rates 

10 Water flow rate testing established that both groups 2 and 3 had an average 

decrease of 36% for water flow efficiency. 


Table 3 



Cartridge 

Measured 

. EFA - 

(ft 2 ) 

v .. Plow per Differential Pressure .. ^ 
I '■ .' •> « (gpm/psid) > '-i.- -\ r% . 

Flow Efficiency 

« • •-•>:• * . 

Calculated Data 

Normalized per ft 2 

Normalized for standard EFA* 

Group 1 

2690-1 66-0002 

11.64 

3.53 

0.30 

3.3 

100% 

2690-166-0005 

11.19 

4.00 

0.36 

3.9 

2690-166-0006 

11.19 

3.75 

0.34 

3.7 

Group 2 

2690-166-0015 

15.69 

3.16 

0.20 

2.2 

61% 

2690-166-0019 

16.40 

3.33 

0.20 

2.2 

2690-166-0020 

17.36 

3.53 

0.20 

2.2 

Group 3 

2690-166-0010 

15.18 

3.75 

0.25 

2.7 

66% 

2690-166-0011 

14.85 

3.53 

0.24 

2.6 

2690-166-0014 

15.69 

2.73 

0.17 

1.9 


*EFA standard 11.0 ft 2 
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The addition of support layers to the filter design in accordance with the 
invention allows for an increase in the media area without resorting to different pleat 
designs, larger geometries or ever thinner supports, despite the fact that the additional 

20 support layers effectively add thickness. The relatively thin filtration media is capable 
of increased packing by pressing the pleats together more closely, but as in prior art 
systems, the increased area associated with tight packing does not result in increased 
flow because the support materials have been closely pinched together. However, 
when multiple downstream support layers are employed, as described in the present 

25 invention, enhanced filtration performance has been observed and namely an improved 
flow rate and improved flux (flow per area). 

The disclosed filter elements may be utilized in filter cartridges to provide 
enhanced filtration performance, e.g., by way of increased media area and improved 
flow. 
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An exemplary filter cartridge according to the present disclosure includes a 
filter element having a longitudinal axis, an outer periphery and an inner periphery. 
The filter element typically includes a filtration media, an upstream pleat support 
positioned upstream from and in contact with the filtration media, and a multi-layer 
5 downstream pleat support positioned downstream from the filtration media. The multi- 
layer downstream support includes a first downstream support layer and a second 
downstream support layer. It has been found that while it is preferred that there be an 
upstream pleat support, its presence is not essential to the beneficial results realized in 
accordance with the invention. 

10 The first downstream support layer is in contact with the filtration media and is 

interposed between the filtration media and the second downstream layer, the first 
downstream support layer being fabricated so as to minimize points of surface contact 
with the filtration media. 

The second downstream support layer is in contact with the first downstream 
1 5 support layer and is fabricated so as to facilitate lateral fluid flow relative to the multi- 
layer downstream pleat support. 

The filter cartridges according to the present invention also typically 
include a perforated cage surrounding the outer periphery of the filter element, a 
perforated core surrounded by the inner periphery of the filter element coaxially 
20 positioned within the cage, and end caps enclosing the ends of the perforated cage. 

DETAILED DESCRIPTION OF THE DRAWINGS 

Referring now to the drawings wherein like reference numerals identify similar 
structural elements of the present disclosure, there is illustrated in Fig. 1 a pleated filter 
cartridge constructed according to the invention and designated generally by reference 
25 numeral 10. 

Filter cartridge 10 includes an elongated pleated filter element 12 having a 
plurality of longitudinal pleats 14 surrounding a central perforated core 20 coaxially 
disposed within the filter element and a perforated outer cage 30 coaxially disposed on 
the filter element. The core 20 supports the inner periphery of the filter element 12 
30 against forces in the radial direction and also helps to give the filter axial strength and 
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rigidity against bending. The cage 30 retains the pleats of the filter element 10, 
preferably in a radial pleat configuration. It is possible to employ means other than 
cage 30 to retain the pleats as, for example, a polymeric netting or mesh material may 
be utilized to retain the pleats about the outer periphery of filter element 12. Usually a 
cartridge assembly 10 will be equipped with end caps at both ends. The end caps 40 
can be either closed or open end caps and the materials of which they are formed and 
their shape are selected depending on the filtering conditions and the materials of the 
members to which they are to be joined. 

When the filter element 12 is used under conditions where the fluid flows 
radially inwardly through the filter element, i.e., from the cage 30 to the core 20, the 
internal surfaces of the pleat legs form the downstream surface of the filter element 12, 
while the external surfaces of the pleat legs form the upstream surface of the filter 
element 12. Conversely, when the filter element 12 is used under conditions such that 
fluid flows radially outwardly through the element, i.e., from the core to the cage, the 
internal surfaces of the pleat legs define the upstream surface of the filter element 12 
and the external surfaces of the pleat legs define the downstream surface of the filter 
element 12. More specifically, as used herein, upstream and downstream refer to the 
exterior and interior surfaces of the filter element 12 when the filter element is being 
subject to radially outward fluid flow. 

Filtration element 12 includes an upstream pleat support 16, a filtration media 
18, a multi-layer downstream support that includes a first downstream support layer 19 
and a second downstream support layer 22. Selection of an upstream pleat support 16 
is not critical to filtration performance and its selection generally depends upon a 
number of factors, namely, requirements associated with the upstream support's ability 
to maintain flow under dirt loading, the required chemical resistance of the upstream 
support, and/or conditions associated with potential damage to the filtration media 
caused by the upstream support. 

The filtration media 18 may take a variety of pleated forms, the filtration media 
18 may define radial pleats, W-pleats or spiral pleats. 
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There are no particular restrictions on the type of filter medium 1 8 that can be 
employed in the present filter element 12 and the filter medium can be selected in 
accordance with he fluid to be filtered and the desired filtering characteristics. The 
filter medium 18 can be used to filter fluids such as liquids, gases, or mixtures thereof, 
5 and may comprise a porous film or a fibrous sheet or mass, or any combination thereof, 
may have a uniform or graded pore structure and any appropriate effective pore size; 
may include single or multiple layers; and may be formed from any suitable material, 
such a natural material, synthetic polymer, glass or metal. 

According to preferred embodiments of the present disclosure, the filter 
10 medium is comprised of one or more sheets of non- woven thermoplastic micro fibers. 
The nonwoven thermoplastic microfibers may be meltblown, spunbond, spunlace, 
carded or hydroentangled, for example. In addition, the filter medium may be 
calendered, or compressed, to further modify its porosity. For lower temperature 
filtering applications (i.e., below 180° F.), the thermoplastic can comprise 
15 polypropylene, for example, while for higher temperature applications (i.e., above 180° 
F.) or chemical compatibility with other fluids, the thermoplastic can comprise 
polyaramide, nylon, polyester or melt-processible fluoropolymer, for example. 

The filtration media 18 is typically a microporous filtration media having a pore 
size of about 0.1 microns to about 10 microns, and is generally fabricated from 
20 conventional filtration materials, such as expanded Teflon, nylon, polyether sulfone, 
polyvinylidene difluoride and the like. 

The pore size of filtration media 18 is generally characterized by bubble point 
tests, which involve measuring the pressure to force either the first air bubble out of a 
fully wetted phase inversion membrane (the initial Bubble Point, or "IBP"), and the 

25 higher pressure which forces air out of the majority of pores all over the phase 

inversion membrane (foam-all-over-point or "FAOP"). The procedures for conducting 
initial bubble point and FAOP tests are discussed in U.S. Patent No. 4,645,602, the 
disclosure of which is incorporated herein by reference. The procedure for the initial 
bubble point test and the more common Mean Flow Pore tests are explained in detail, 

30 for example, in ASTM F3 1 6-70 and ANS/ASTM F3 1 6-70 (Reapproved 1 976), which 
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are incorporated herein by reference. The bubble point values for microporous phase 
inversion membranes are generally in the range of about five (5) to about one hundred 
(100) psig, depending on the pore size and the wetting fluid. An additional pore 
measurement technique is described in ASTM El 294 89, which describes a method for 
5 determining pore size by clearing fluid from the pores of the membrane and measuring 
the resulting flow. This method is used to measure mean flow pore and is similar to the 
method used to measure bubble point, and reports the initial bubble point as the 
maximum pore size. 

As shown in Figs. 1-3, the first downstream support layer 19 is interposed 
10 between filtration media 18 and second downstream support layer 22. In an exemplary 
embodiment of the present disclosure, the first downstream support layer 19 is 
fabricated using spunbond, spunlace, airlaid or wetlaid techniques, and is fabricated so 
as to minimize points of surface contact with filtration media 18, thereby enhancing 
fluid flow away from filtration media 18. More particularly, the first downstream 
15 support layer 19 is generally fabricated from a material that contacts the filtration 

media 18 in as few locations as possible so as to allow the fluid, whether it be liquid or 
gas, to egress from filtration media 1 8 and into the second downstream support layer 
22. 

The fluid flow through the filter elements according to the present disclosure is 
20 schematically illustrated in Fig. 3, wherein horizontal arrows "H" show fluid flow 
through the first downstream support layer 19, away from filtration media 18 and 
toward second downstream support layer 22. The vertical arrows "V" show lateral 
fluid flow that is facilitated by the physical properties of second downstream support 
layer 22. Lateral fluid flow associated with the second downstream support layer 22 
25 feeds filtered fluid toward the egress point associated with exemplary filter element 12, 
e.g., toward core 20. 

The first downstream support layers are preferably fabricated from materials 
such as polyamide, polypropylene or polyesters, e.g., poly(ethylene terephthalate) 
(PET), poly(butylene terephthalate (PBT), PTT or polyaramide. A preferred material 
30 for use in fabricating the first downstream support layer is BBA Nonwoven Typar 
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309 1L, although other nonwoven materials that minimize points of contact with the 
filtration media are also suitable for use according to the present disclosure. Beneficial 
attributes for nonwoven materials that may be used in fabricating the first downstream 
support layer according to the present disclosure are lower denier (i.e., lower fiber 
5 diameter), low basis weight (provided adequate web strength is maintained), and low 
thickness. As noted above, however, a guiding principle in selecting an appropriate 
material for fabrication of the first downstream layer is to provide minimal contact 
points with the filtration media and high flow through the nonwoven layer, while still 
providing adequate strength. 

10 The fibers forming the nonwoven material may be bonded together with thermal 

binders or chemical binders. Suitable materials for use in fabricating the first 
downstream support layer generally are characterized by high air permeability, low 
thickness, high strength, low fiber diameter and/or a relatively soft feel to prevent 
abrasion of the filtration media. In some applications, it may be desirable to impart 

15 chemical or oxidation resistance to the first downstream support layer, as will be 

apparent to persons skilled in the art based on the intended filtration application(s). In 
an exemplary embodiment of the present disclosure, the first downstream support layer 
is a nonwoven material that is laminated to the filtration media. Lamination may be 
effected according to conventional lamination techniques, as are well known in the art. 

20 According to the present disclosure, the second downstream support layer is in 

contact with the first downstream support layer and is fabricated so as to facilitate 
lateral fluid flow. Thus, in a preferred embodiment of the present disclosure, the 
second downstream support layer is fabricated from an extruded apertured film 
material, and preferably an apertured film material with rib(s) formed on one side. The 

25 rib(s) advantageously maintain a gap when the pleated filtration media is folded onto 
itself, thereby greatly improving lateral fluid flow. A preferred material for use in 
fabricating the second downstream support layer according to the present disclosure is 
Delstar Delnet RC-0707-24P. 

Many different filtration devices will benefit from the superior performance 
30 attributes as disclosed herein. For example, the disclosed multi-layer downstream 
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support layers may prove particularly beneficial to Teflon filtration media used in air 
applications and hydrophobic PVDF filtration media, which are also used in air 
applications. Teflon membranes, in particular, may be laminated to a nonwoven 
support as part of the manufacturing process. 

It is further contemplated that the disclosed multi-layer downstream support 
may be advantageously incorporated into a non-cylindrical filtration device. For 
example, it is contemplated that a filtration device that includes a multi-layer 
downstream support, as disclosed herein, and having a geometry wherein the outer and 
inner peripheries are substantially parallel to each other, will exhibit enhanced filtration 
performance by increasing filtration media area and improving flow/throughput. 
Indeed, it is to be expected that by incorporating the disclosed multi-layer downstream 
support in a substantially planar filtration device configuration, fluid flow (both through 
the filtration device and laterally relative to the filtration device) will be advantageously 
maintained, despite close packing of the pleats therewithin. 

Although the filter elements and filter cartridges of the present disclosure have 
been described with respect to preferred embodiments, those skilled in the art will 
readily appreciate that changes and modifications may be made thereto without 
departing from the spirit and scope hereof as defined by the appended claims. 
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